Background: Legionella pneumophila (Lp)
Introduction
Legionella pneumophila (Lp) is a Gram-negative water-borne pathogen that causes a severe form of pneumonia known as Legionnaires' Disease (LD) [1] . It can create a public health problem when it grows and spreads in hot water systems, cooling towers, spa pools, dental unit waterlines, etc. [2] .
Recently, the need to reinforce epidemiological surveillance programs, increase diagnostic techniques and set up preventive measures-e.g., searching for causes of infection, periodic checks of drinking water supply systems, and installation of effective disinfection systems-has become a priority concern [3] .
The Italian Surveillance System dictated that physicians must fill in a form for every case of LD and send it through Local Health Units to the National Institute of Health (Istituto Superiore di Sanità, ISS). Thus, LD is a notifiable disease [4] .
The European Study Group for Legionella Infections (ESGLI) established Sequence Based Typing (SBT) as a method of use to compare clinical and environmental Lp isolates worldwide and to investigate the distribution of these strains in specific areas [5, 6] .
The number of cases of LD has increased gradually over the years, both in Europe and in Italy, in the latter due mainly to the numerous receptive structures (hotels, spas, etc.) [7] . In 2015, most cases in Italy were community acquired (78.8%), followed by travel-associated (12.7%) and healthcare-associated (5.3%) cases. Particularly, in Sicily, 143 total cases were reported in the last fourteen years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) [8] .
Until now, in Sicily, the presence of Lp was monitored only in the water systems of hotels, hospitals, beach showers, cruise ships and ferries [9] [10] [11] .
In 2015, after the approbation of a research project, we put our attention on prison water system surveillance. The aim of the project was to evaluate the risk for immunocompromised hosts in a high risk population of contracting LD.
Here, we present the first Italian study to monitor and molecular type Lp in water from prison water systems in Western Sicily. During the study period, the first cluster was from a prison in Palermo.
Materials and Methods

Environmental Sampling before the Cluster
Four prisons located in Palermo (1PA, 2PA, 3PA, 4PA), three in Trapani (5TP, 6TP, 7TP) and two in Agrigento (8AG, 9AG), all cities in Sicily, detaining in total around 3104 prisoners, were included in the surveillance study. A total of 93 water samples were collected from June 2015 to October 2017. Samples of both hot and cold water were taken.
The principal sites of sampling were as follows: the municipal water storage tank, the sinks, the boilers, and the showers on every floor in each prison.
Water contamination was monitored only for Legionella bacteria, following the procedure reported in the Italian Guidelines for the Prevention and Control of Legionellosis (2015) [4] . The 1 L water samples were filtered through sterile 0.22 µm filter membranes (Millipore, Bedford, MA, USA) using a vacuum pump. After filtration, membranes were aseptically removed, placed in sterile, screw-capped containers with 10 mL of the original filtrates, and vigorously vortex-mixed for 5 min. Half of each sample was placed in a 50 • C water bath for 30 min to reduce contamination by thermosensitive microorganisms. Aliquots of 0.1 mL of the samples (with and without heat pre-treatment) were spread over the BCYE Agar (Buffered Charcoal Yeast Extract Becton, Dickinson, Franklin Lakes, New Jersey, USA) and incubated at 36 • C for 10 days in a humid environment with CO 2 at 2.5%.
The suspected colonies were subcultured on BCYE Agar without Cysteine, with Pimaricin (Becton, Dickinson, Franklin Lakes, New Jersey, USA) and BCYE Agar. Only the colonies grown on BCYE Agar were regarded as the Legionella genus.
Clinical and Environmental Sampling during the Cluster
Clinical samples, bronchoalveolar lavages (BALs), were obtained from two prisoners detained in one of four prisons in Palermo (1PA). The two prisoners were held in different cells on the same floor of the prison and were both hospitalized with symptoms of lower respiratory tract infection.
The BAL samples were decontaminated by heat treatment (50 • C for 30 min), plated on BCYE Agar, and incubated at 36 • C for 10 days in a humid environment with CO 2 at 2.5%.
As well as BAL samples, urine samples were collected to determine the presence of soluble Lp sg 1 antigen, using rapid immunochromatographic (ICT) assay (BinaxNOW ® Legionella Urinary Antigen, Alere, Milan, Italy). The first case of LD occurred on 25 May 2017 and a new case appeared in 1PA three months later (26 August 2017).
This prison held about 1.270 prisoners. During the first and second cases of LD, we conducted other environmental investigations of Lp sg 1 in prison 1PA; we therefore reinvestigated the hot and cold water system of 1PA which had been included in the initial surveillance project and had not produced positive results for Lp sg 1.
Serological Identification of Legionella
Colonies grown on BCYE Agar were identified using a latex agglutination test with polyvalent antisera (Oxoid Spa, Milan, Italy). A total of 47 Lp colonies from water samples and 10 from clinical samples were frozen at −80 • C.
Molecular Investigation
A molecular study was conducted on 19 Lp colonies: 17 from water samples and 2 from clinical samples. Genotyping was performed using the SBT method, following ESGLI protocols and using seven genes (flaA, pilE, asd, mip, mompS, proA, and neuA) [12, 13] .
For non-sg 1 Lp strains from which neuA could not be amplified, primers targeting neuAh were used, as suggested by the ESGLI [14] .
The allelic profile that determined Sequence Type (ST) was defined by assigning a distinct allele number to each gene using the ESGLI-SBT database [15] .
Results
Environmental Evaluation before the Cluster
Of the 93 water samples, 49 (52.7%) were negative for the presence of Lp, and 44 (47,3%) were positive. The negativity was reported as Lp <100 CFU/L according to the Italian Guidelines. Among the positive samples, Lp sg 6 was the prevalent serogroup (40%) compared to Lp sg 1 (16%) ( Table 1) . All nine prisons showed at least one positive sampling point for Lp sg 1 and/or Lp sg 6, as shown in Table 1 . In prisons 1PA, 2PA, 5TP and 6TP, we found only Lp sg 6. In prison 9AG, we detected only Lp sg 1. Lp sg 1 was isolated from three cold water samples and six hot water samples from prisons 3PA and 4PA, from two cold and two hot water samples from prisons 8AG and 9AG, and from no cold water samples and no hot water samples from prisons 5TP and 6TP.
The levels of Lp sg 1 and sg 6 before the cluster are shown in Table 1 , and the different concentrations of Lp sg 1 and sg 6 in hot and cold water are reported in Table 2 . Regarding the molecular investigation, only ST 1 was identified in Lp sg 1, while in sg 6, the following STs were found: ST 93, ST 292, ST 461, ST 728, ST 1317 and ST 1362.
Clinical and Environmental Evaluation during the Cluster
Initially, a quicker more basic procedure was conducted on urine samples from two prisoners by a different hospital. These samples tested positive for Lp sg 1 antigen. Consequently, the BAL samples were sent to our hospital in order to obtain the isolates. Colonies were identified by latex agglutination (Oxoid Spa, Milan, Italy) as Lp sg 1. The molecular study demonstrated that the allelic profile 2, 10, 3, 1, 9, 1, 20, is a new ST that has since been assigned the number 2451 in the ESGLI-SBT database.
Regarding the environmental evaluation in the water system of prison 1PA, on 29 May 2017, state prison system facilities management staff collected hot and cold water samples from the municipal water storage tanks (n = 2), the boilers (n = 4), the showers (n = 2) located on the floor where the prisoner with the first confirmed case was detained, and the sinks (n = 2) in his cell. Lp sg 1 was detected only in the storage tank (10 2 CFU/L) and the typing investigation demonstrated that the water isolate had the same ST profile as the clinical strain.
On 28 August 2017, after the second case presented, water samples were collected from the municipal water storage tanks (n = 2), the boilers (n = 4), and the showers (n = 2) located on the floor where the prisoner with the second confirmed case was detained, as well as from the sinks (n = 2) in his cell. Lp sg 1 was detected in the storage tanks (10 2 CFU/L) and in hot and cold water from the showers (10 2 CFU/L), and it was the same ST as the clinical strain. The other samplings of hot and cold water were <100 CFU/L. After this cluster occurred, the water distribution system was cleaned following the Italian Guidelines and all the samples resulted negative for Lp [4] .
The data are shown in Figure 1 . 
Discussion
Still today, water risk management is focused on disinfection and/or maintaining a specific temperature levels in order to control Legionella colonization in the water distribution systems of hospitals and tourist spots. Moreover, recent global epidemiological data show that almost 80% of the cases of LD diagnosed each year are contracted in the civilian community [16, 17] .
Epidemiological studies reported that Lp sg 1 is predominant in environmental water and is the most frequent serogroup associated with the disease, followed by Lp sg 6 [5] .
Our study showed that Lp sg 6 was the most prevalent serogroup in the water samples from Sicilian prisons and confirmed that Lp sg 1 was the only serogroup responsible for the cluster in one Palermo prison. Despite the moderate presence of Lp in environmental water samples, the two prisoners with LD showed comorbid behaviour (alcohol and tobacco consummation). Molecular typing provided very interesting and complete information that helped establish the type of Lp that was circulating, define the interrelationships between clinical and environmental strains, and identify a new ST, that had never before been isolated or typed in Europe or any extra-European country. This new profile was included in the ESGLI-SBT database as the ST 2451, and differed from ST 1362 only in its neuA allele.
Molecular typing methods for discriminating between different bacterial isolates are essential epidemiological tools for the prevention and control of Legionella infections and outbreaks.
On the basis of our findings, the Laboratory of Public Health communicated with the prisons and initiated infection-control measures in order to develop Legionella risk management strategies. We ensured that physicians were aware of possible Legionella colonization in the prison water supply and advised them to recommend Legionella diagnostic testing for patients with suspected pneumonia.
Although Italy's guidelines for the prevention and control of Legionellosis were updated in May 2015, the new document does not take into account prisoners at risk of Legionellosis. It would be desirable to include this population in the document.
Additionally, diagnostic tools that evaluate non-serogroup 1 Legionella antigen in urine should be used in hospitals to investigate other emerging serogroups. 
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Conclusions
In Italy and worldwide time-series, analysis of LD incidence demonstrated an increasing incidence of the disease, making LD an important cause of mortality, particularly for immunocompromised patients [13] . Thus, the incidence of LD is rising, and the mortality rate remains high. Any water system producing aerosols can be contaminated by Legionella spp. Therefore, the risk of these systems transmitting Legionella spp. (or the opportunistic bacteria) should be taken into account, in prisons as well as elsewhere.
Molecular typing is important to understand the evolving response of pathogens to environment changes when disinfection procedures are undertaken and when evaluating the circulation of certain isolates that could be involved in clusters.
In our investigation, by means of molecular typing, we found that prison water systems were clearly implicated as the source of the cluster.
Finally, we recommend a complete and constant monitoring of water systems in prisons because penitentiary populations contain vulnerable people. Funding: This work was carried out with financial support from Regione Sicilia, Azienda Ospedaliera Universitaria Policlinico "Paolo Giaccone" Palermo-"Progetto Obiettivo di Piano Sanitario Nazionale year 2013". Linea progettuale 18.5.
